This paper presents diagnostic data obtained from the plume of a graphite composite target during carbon nanotube production by the double-pulse laser oven method.
The excitation spectra of C2 are obtained by using a dye laser to pump the (0,1) transition of the Swan System and collecting the Laser Induced Fluorescence signal from C2. These are used to obtain '_ground-state '' rotational and vibrational temperatures which are close to the oven temperature. Images of the plume are also collected and are compared with the spectral measurements.
Introduction
During recent years, there has been a tremendous increase in interest in the production and characterization of carbon nanotubes, due to their unique mechanical and electrical properties leading to potential applications in nanoelectronics [1, 2] , nanostructures [3, 4] and energy storage [5, 6] . from the transition d31-lg-a3I-lu. We can see that for all times the single pulses produce much less radiation than the two lasers together. The effect is more than just additive.
There seems to be a great synergism in intensity. This is consistent with production of carbon SWNTs, where the two-laser-pulse production rate is much greater than the sum of the single-pulse production rates. Apparently, the greater intensity of C2 in the plume can be correlated with the production rate of SWNTs. We can see in Fig. 5 that as time progresses, the intensit_.of all plum_ _c-:ease_. More will be discusseA ar0out the time evolution of the plumes in the following sections.
Variation with distance and time delay:
Variation of the spectral intensity with distance from the target is shown in Fig. 6 , where the optical fibers located at distances of 50 and 100 mm (fibers 2 and 3) collect light from the incandescence region in the inner tube. We have used large gate widths (100 _tsec) for this comparison. The peak intensity dropped off by a factor of 20 from fiber 1 to fiber 2, but leveled off at fiber 3. The spectral features with oven off (300 K) and oven on (1473 K) are similar, but the intensity increases by a factor of 20 with a hot oven. This is not attributable to movement of the target into the viewing area of the optical fiber at 1473 K. (Fig.8) . In the case of hot oven, for the "normal" distance of 3 mm from the inner tube (Fig.9) , the second peak does not seem to change in time for the distances of 0, 2, and 4 mm. There is a noticeable shift and spread in the peak for distances beyond 4 mm which indicates a velocity of about 50 m/sec. When the target is moved back to be at 7 mm from the inner tube (Fig. 10) , the transient data at long times seem to change dramatically. The behavior in the short times continually changed towards lower intensity and the second peak now seems to move uniformly.
The velocity now seems to be higher and is about 75 m/sec. These values seem to be corroborated by the recorded ICCD images discussed l,_ter in the paper, ,In the case of a cold oven, for the normal distance of 6mm from the inner tube (Fig. 11) , the intensity goes to essentially zero for distances greater than 4ram, indicating smaller plume expansion. When the oven is cold, the velocity is about 25 m/sec. However, when the target is moved back 10 mm from the inner tube ( fig. 12 ), there seems to be an increase in the plume size and its velocity increases to 40 m/sec. that of the oven. The comparisonof the hot-oven data taken with a 20 lasec delay at a distance of 3.5 mm is shown in Fig. 15 which indicates rotational temperature close to • 1500 K. Similar data taken with cold-oven yielded a temperature close to 300 K.
Plume Images:
Two sets of images shown in Fig. 16 and 17 were taken (with the cold and hot oven) averaging ten laser pulses with the two-laser operation.
The plume image in Fig. 17 at 50 l,tsec delay time is partially blocked by the edge of the inner tube and the shadow is discernable in 100 lasec shots. These images show a non-uniform target surface because of prior ablation before recording the images. There seems to be a redistribution of C2 Geohegan's group, we do not notice any of the "shock-reflection" that was reported [27] .
These differences could be due to the higher pulse energy as well as photon energy used in their experiments.
Discussion and Conclusions
The passive emission data was useful in identification of C2 and C 3 in the plume as well as hot particles. 
